INTRODUCTION
Over the course of the last several decades, an increasing variability of dental restorative materials has conquered the market. The concepts in restorative dentistry are also changing, and adhesive dentistry has steadily gained in importance. Today, the modern operative dentistry focus is on minimal removal of tooth tissue and on application of adhesive restorative materials that possibly perform therapeutic action on demineralized dentin. Those requirements are perfectly matched by glass ionomer cements (GICs). [1] [2] [3] GICs are clinically attractive dental materials and have certain unique properties that make them useful as restorative and adhesive materials. Since the introduction of GICs by Wilson and Kent, 4 many modifications of these materials have been performed over the years. Despite having advantages such as adhesion to moist tooth structure and base metals, anticariogenic properties due to the release of fluoride, thermal compatibility with tooth enamel, and biocompatibility and low toxicity, GICs suffer from low fracture toughness and a higher rate of occlusal wear compared to other restorative materials, such as amalgam and modern composite restorative materials. [1] [2] [3] 5 Today, highly viscous GICs achieve superior physical properties compared to traditional GICs by optimizing polyacid and particle size distribution, resulting in a high cross-linkage in the GIC matrix. 1 Recently, a new restorative concept has been marketed (Equia, GC, Tokyo, Japan): a system consisting of a highly viscous conventional GIC (Equia Fil, formerly known as Fuji IX GP Extra) combined with a novel nanofilled coating material (Equia Coat, formerly known as G-Coat Plus). 6 This self-adhesive, nanofilled resin coating, which provides a high hydrophilicity combined with an extremely low viscosity, accounts for the perfect seal of a GIC surface. Compounded nanofillers are thereby intended to protect the system against abrasive wear. This is of importance in the first months until the GIC is completely matured and able to withstand the intraoral stresses. The coating acts as a glaze, further increasing the esthetic properties. 1, 6, 7 Reviews have indicated that to date no study regarding the long-term clinical success of this new restorative system has been reported. Therefore, the purpose of this study was to evaluate the clinical performance of this highly viscous conventional GIC restorative system (Equia System/GC) and a microfilled hybrid resin composite (Gradia Direct Posterior/GC) as a comparison material using modified US Public Health Service (USPHS) criteria. The null hypothesis was that under the conditions of this study there would be no difference in the clinical performance of the two restorative materials for the criteria assessed.
METHODS AND MATERIALS
In this four-year randomized controlled clinical study the GIC restorative material (Equia System, GC, Tokyo, Japan) and a microfilled hybrid composite resin (Gradia Direct Posterior, GC, Tokyo, Japan) were compared. These materials are described in Table 1 .
Study Population and Sample Size
Following the approval of the study by the Ethical Committee of Hacettepe University, Ankara, Turkey (protocol HEK 09/112-10), a group of patients seeking routine dental care and recruited by the Hacettepe University, School of Dentistry, Department of Restorative Dentistry were screened, and a total of 59 patients satisfying the inclusion and exclusion criteria were selected. Inclusion criteria were as follows: a patient presenting with 1) a need for at least two but not more than four posterior tooth-colored restorations; 2) the presence of teeth to be restored in occlusion; 3) teeth that were symptomless and vital; 4) a normal periodontal status; and 5) a good likelihood of recall availability. Exclusion criteria were as follows: 1) partly erupted teeth; 2) absence of adjacent and antagonist teeth; 3) poor periodontal status; 4) adverse medical history; and 5) potential behavioral problems. The average age of patients was 24 years (range, 15-37 years). All patients participated voluntarily and were required to provide written informed consent.
Restoration Placement
Two experienced dentists placed 80 Class 1 and 60 Class 2 restorations, totaling 140 restorations in 59 patients ( Table 2 ). The filling materials Equia or Gradia Direct Posterior were randomized over these two cavity groups using a table of random numbers. 8 Before treatment, initial periapical radiographs of the teeth to be treated were taken and vitality test scores were recorded. Cavities were prepared using diamond fissure burs (MS Rounded Edged Cylinder Bur [835R-012-4], Diatech, Heerbrugg, Switzerland) at high speed with water-cooling. Hand instruments and slow-speed tungsten carbide burs were used to remove the caries. Local anesthesia was applied to patients complaining about pain or sensitivity to prevent discomfort during restorative procedures. 9 Conservative cavity design was used according to the principals of minimal invasive dentistry. None of the cavity preparations involved one or more cusps. All of the gingival margins included sound enamel. No beveling was applied to the cavity walls. CaOH 2 cavity liner (Life Regular Set, Kerr Corporation, Romulus, MI, USA) was applied where needed as base material. An ivory type matrix system (Hahnenkratt, Königsbach-Stein, Germany) was used for Class 2 cavities. All of the cavities were either restored with glass ionomer restorative system (Equia, GC), which is a combination of a packable glass ionomer (Equia Fil, GC) and a self-adhesive nanofilled coating (Equia Coat, GC) or microfilled hybrid composite (Gradia Direct Posterior, GC) in combination with a self-etch adhesive (G-Bond, GC), according to the manufacturer's instructions.
Glass Ionomer Restorations
The dentin and enamel of cavities were conditioned with 20% polyacrylic acid for 20 seconds (Cavity Conditioner, GC), washed, and briefly dried. Equia Fil was injected into the cavity. Isolation was maintained using cotton rolls and a saliva ejector. After the passage of the manufacturer's recommended setting time of 2.5 minutes, the restoration was trimmed and polished wet using high-speed fine diamonds (Diatech, Swiss Dental, Heerbrugg, Switzerland). After the restoration was briefly dried, Equia Coat was applied and photocured for 20 seconds using a photo-curing light (Radii Plus, SDI, Bayswater, Australia).
Composite Resin Restorations
After the enamel and dentin were conditioned with G-Bond (GC) using a microtip applicator, left undisturbed for five to 10 seconds, and then dried thoroughly for five seconds with oil-free air under air pressure, Gradia Direct Posterior resin was applied with the incremental technique (2-mm thick layers) and light-cured for 20 seconds. Finally, the restoration was shaped with finishing diamonds and silicon instruments (Hi Luster Plus Polishing System, KerrHave, Bioggio, Switzerland). One week after restoration placement (baseline), patients were recalled and restorations were examined clinically. Direct clinical evaluation of restorations was performed using the modified USPHS criteria 10 by two independent investigators using mirrors, probes, bitewing radiographs, and intraoral photographs. Patients were recalled at one, two, three, and four years for assessments of the restorations using the same criteria as at baseline. At each recall, the same two calibrated evaluators, who were blinded to the restoratives used for cavities and patients, examined the restorations. When disagreement occurred during the evaluation, the final decision was made by consensus of both examiners.
Scanning Electron Microscopy (SEM) Analysis
At each recall, impressions of each air-dried, cottonroll-isolated tooth were taken from one patient selected randomly from each group with polyvinyl siloxane impression material and used as negative replicas for morphological observation with SEM. The replicas were gold sputter-coated and observed under SEM (JSM-6400 SEM, JEOL, Tokyo, Japan) at 503 and 2003 magnifications for surface morphology and marginal integrity.
Statistical Analysis
Statistical analysis was performed with SPSS 15.0 software. To compare the performance of restorative materials according to USPHS criteria over the study period, the McNemar test was used. Within each material group, further analysis was done using the Pearson Chi-square test to distinguish the differences between different cavity types for marginal adaptation and marginal discoloration. The Cochran Q-test was then used to compare the marginal adaptation and marginal discoloration scores of each material with baseline scores for each cavity type to evaluate the changes of each dependent group by the time. The level of significance was set at p,0.05 for all tests.
RESULTS
After four years, 126 (76 Class 1 and 50 Class 2) restorations in 52 patients were evaluated and scored according to the USPHS criteria. The recall rate of the patients was 88.1% at four years ( Table  3 ). The overall clinical recall rate of restorations at the four-year recall was 90%. Fourteen (four Class 1 and 10 Class 2) original restorations could not be evaluated at the four years because seven patients (11.9%) had moved away. Table 3 also shows the number of recalls at one, two, three, and four years.
After four years, success rates for Class 1 Equia, Class 1 Gradia Direct Posterior, and Class 2 Gradia Direct Posterior were 100%, whereas the failure rate was 7.7% for only Class 2 Equia restorations. Only one Class 2 restoration had to be replaced as a result of marginal fracture at three years and one at four years. No significant change over time was found for the anatomical form, color match, secondary caries, postoperative sensitivity, surface texture, and retention for either restorative material (p.0.05).
Clinically acceptable (Bravo) moderate marginal discolorations were noted for both materials at one year (three [ at two years (p,0.05) (Table 4b ). However, the McNemar test indicated no significant difference between the two restorative materials in terms of marginal discoloration at any recall period (p.0.05) ( Table 5 ). In addition, there were no significant differences between the marginal discoloration scores of Class 1 and Class 2 cavities for either restorative material at one, two, three, and four years (p.0.05) ( Table 6 ).
Moderate marginal adaptation was also noted for both materials at one year (six [ (Table 4a ,b). Equia Class 1 restorations showed moderate changes starting at two years, whereas Class 2 restorations showed changes starting at three years (p,0.05). Gradia Direct Class 1 restorations exhibited significant changes starting at one year, whereas Class 2 restorations did at two years (p,0.05) ( Table 4b ). The differences between two restorative materials were not statistically significant at any recall period in terms of marginal adaptation (p.0.05) ( Table 5) . Additionally, no significant difference was observed between Class 1 and Class 2 cavities within each restorative material at one, two, three, and four years (p.0.05) ( Table 6) .
No patient at any time interval experienced pain or sensitivity from the restored teeth, and no incidence of secondary caries was observed.
The SEM observations of one representative of one GIC restoration and one composite resin are shown in Figures 1 and 2 , respectively. The SEM evaluation of the replicas of the restorations demonstrated the occlusal surface characteristics. Both materials exhibited successful surface characteristics, with the absence of significant wear, surface porosities, cracks, and marginal gap formation during the four-year evaluation.
DISCUSSION
The advantages of GICs as restorative materials are clearly reflected by the literature. 11 The most significant advantages of these materials include their chemical adhesion to dentin and enamel, release of fluoride, the high tolerance of tissues, and biocompatibility. However, the lack of resistance to abrasion and their poor esthetics are two of the reasons why they are not used frequently by most professionals. In the late 1990s, the conventional GIC was overtaken by the highly viscous GIC, which has a faster setting time and notably higher strengths. 11 A new generation of highly dispersed nanofilled resin coating that has been recently introduced claims to increase the resistance of the GIC and improve marginal sealing and the esthetics (100) 29 (100) 27 (100) 27 (100) (100) 39 (100) 39 (100) 38 (100) 30 (100) 29 (100) 27 (100) 27 (100) 26 ( (100) 39 (100) 39 (100) 38 (100) 30 (100) 29 (100) 27 (100) 27 (100) 26 ( of the restoration. 7 Several in vitro tests had proved the positive influence of this coating on the fracture strength and the early wear on GIC. [12] [13] [14] Although a variety of clinical trials with different types of GICs as permanent restorative materials were carried out in primary molars only, 15-17 very few prospective studies or long-term trials are published about GICs in permanent premolars and molars. 18 Retrospective studies primarily reported disappointing results when GICs were applied in average cavities and slightly better results when minimum intervention cavities were restored with conventional GIC. 18 This clinical trial was conducted on permanent posterior teeth both in Class 1 and Class 2 caries lesions of young patients with the average age of 24 years. The clinical efficacy of the systems tested was determined by evaluating the anatomical form, color match, marginal discoloration, marginal adaptation, secondary caries occurrence, and retention at one year and annually for four years. In most of the restorations evaluated, only a few changes were noted from baseline to the four-year evaluation visit.
The American Dental Association requires a retention rate of at least 90% of the restorations placed after 18 months to obtain full acceptance. 19 In this study, at the end of two years, the success rates for both of the restorative materials were 100%. Because of the retention loss of two Equia Class 2 restorations, the overall clinical success rate was 97.1% (100% for Class 1 and 92.3% for Class 2 restorations) for the Equia System after four years. Therefore, both restorative materials evaluated in the present study demonstrated good clinical performance and full acceptance. The results of this study disagreed with those reported by Hickel and others, 20 who reviewed annual failure rates of stressbearing cavities in posterior primary teeth and determined median annual failure rates of 0-25.8% for GIC. They reported fractures to represent the main reason for failure in Class 2 restorations, with a higher load situation compared to Class 1 restorations. Although a variety of clinical trials with GICs as permanent restorative materials were carried out in Class 1 cavities, [11] [12] [13] there are limited data showing the performance of GIC in Class 2 cavities. As the Equia restorative system was introduced with the claim that it could be used both in moderate Class 1 and Class 2 cavities, in this study, the intent was to evaluate the performance of this restorative system separately for the restoration of Class 1 and Class 2 cavities.
The clinical assessment of the loss of anatomical form of restorations is essentially an indication of the restored surface exhibiting morphological alterations due to wear. The alpha scores of the criteria anatomical form and retention in almost all restorations throughout the study period showed that the wear on the restoration morphology and retention was barely visible to the naked eye. Therefore, both of the materials have smooth surface textures, successful anatomic form, and retention. SEM examinations also supported the clinical observations.
The absence of failures due to secondary caries after four years could be due to good oral hygiene status of the patients. The time and attention devoted to the restoration placement techniques and the clinically acceptable properties of the restorative materials that minimize the hydrostatic dentin fluid movement might explain the lack of postoperative sensitivity after four years. Postoperative sensitivity has been attributed to several factors, such as operative trauma, desiccation, leakage, and other sources. [21] [22] [23] The ability of the coating in Equia restorations and the adhesive in the Gradia Direct Posterior restorations played roles in reducing sensitivity.
In contrast to the previous reports, 18 in the present study, Class 2 restorations recorded as not having lost the interproximal contact could be explained by the special attention given to the appropriate use of the matrix in building up the proximal part of the restorations. Only two retention losses in Class 2 Equia restorations may be related to cyclic stress resulting in occlusal-proximal marginal fracture, weakening the proximal points in the evolving periods of three and four years.
In the present study, marginal discoloration was moderate and was observed in few restorations. The staining appeared only as superficial discoloration (Bravo score), and although it was not significantly different, it mainly occurred in Gradia Direct Posterior restorations rather than in the Equia restorations. This might be due to the adhesive system used. The application of the self-etch adhesive system might have led to a compromise concerning adhesion to the cavosurface margins. Studies have shown that self-etch adhesive systems and the all-in-one adhesives were less effective than total etch systems in terms of dentin and enamel bond strength. [24] [25] [26] The discolorations could also be due to food consumption or related to pigment absorption from dietary habits and antagonist teeth during mastication.
Color match was within the alpha range and the color stability of both restorative materials was good, indicating no mismatch in color, shade, or translucency between the restorations and adjacent teeth during the four years of clinical service.
There are only a few clinical studies describing the clinical performance of the Equia System. These clinical reports are mainly abstracts from research meetings. Friedly and others 27 examined retrospectively the performance of Fuji IX GP Extra in posterior restorations over 24 months and reported that volume loss was proportional to the cavity size. However, all restorations were assessed as satisfactory. Gurgan and others [28] [29] [30] showed that the 12-, 24-, and 36-month performance of the Equia System was similar to that of the resin composite. Turkun and Kanic 31 compared the Equia System to Rivaconventional GIC and found no difference in performance. Basso 32 used Fuji IX GP Extra in a fourcenter study, and after a mean follow-up of 18 months, 100% of the Class 1 restorations were successful. In a six-center study, Khandelwal and others 33 also evaluated the Equia System after an evaluation time of 24 months. They reported 88.8% success in Class 1 cavities and a visible and perceptible roughness in 11.5% of restorations with less than 1% of marginal disintegration.
The only published data were reported by Diem and others 7 They used Fuji IX Extra (Equia Fil) with and without coating (G-Coat Plus/Equia Coat) and also compared the Equia System with a microfine hybrid resin composite in first premolars of 11-12-year-old children with the ART technique. The study was carried out under field conditions. At the end of three years, the color match of all of the restorations was assessed as 'good,' with no significant differences among materials. Moderate marginal staining was noted, and marginal adaptation loss was minimal for all restorations. They concluded that Fuji IX GP Extra either with or without the coating showed acceptable clinical performance but that the application of G-Coat Plus to Fuji IX GP Extra was beneficial in reducing wear in occlusal cavities.
In the present study, Equia System either in Class 1 or Class 2 cavities exhibited significantly good clinical outcome over the observation period of four years. Therefore, the null hypothesis was accepted, because there was not a distinct difference between Equia Fil-GIC and Gradia Direct Posterior microfilled hybrid composite resin. However, further longterm clinical studies are required to confirm the results of the present clinical trial.
This clinical trial furthermore included SEM analyses to demonstrate the micromorphologic features of the restoration surface. The presented observations on the microscopic level have supported the clinical observations of the occlusal surface on marginal adaptation and surface texture.
The introduction of GIC was connected with the hope of being able to replace amalgam. Especially in Europe, this was an interesting aspect because amalgam was more and more disregarded during the 1990s, with many amalgam restorations having been replaced by GICs. Therefore, GICs might turn out to be the more reliable restorative material in minimally invasive dentistry based on adhesive techniques. However, these materials still offer opportunities for improvement. Several attempts to improve their mechanical parameters are still underway, and some forecast a promising future for GIC as a dental filling material with extended indications.
CONCLUSION
The highly viscous GIC restorative system, Equia, and microfilled hybrid resin composite, Gradia Direct Posterior, showed acceptable clinical performance according to modified USPHS criteria assessed in Class 1 and Class 2 cavities over the course of four years.
